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ABSTRACT 


Umcmiencocioep:eScies sence result Of an investigation of 
the art of microwave memories. Both analog and digital mem- 
@eaes are described and compared. 

While most microwave memories in use are still analog, 
of which a majority use TWT amplifiers, solid state amplifiers 
Beeeinoreasinely used and the performance obtained is much 
Mmoaeteci I) tenms OO: Storace time. The largest part of the 
thesis is devoted to "Frequency Memory Loops" (FML), their 
method of operation, and what it takes to switch from TWT to 
solid state amplifiers. The remainder of the thesis examines 
the use of digital technology to achieve microwave storage. 
fole analoe storage is common to everyone, the digital way 


Mmemadiverse. Iwo concepts are presented. 





PAD eel eGon LEN TS 


i. INTRODUCTION------------------------------------------- 7 
A. GENERAL------------------------- rc rr-------------- 7 
B. WHAT ARE MICROWAVE STORAGE DEVICES GOOD FOR-------- 8 
C. REMARKS------------------------------------ eee 9 
meee DEoCRIPTION OF THE “FREQUENCY MEMORY LOOP" (FML)------- FO 
A. OPERATION------------------------------------------ 10 
B. DYNAMIC OUTLOOK OF THE FML------------------------- ee 
Orme SOR em OO) Ue TONS oe a a 14 
1. Definitions------------------------------------ 14 
2.- Noise Take Over--------------------- +--+ -eree iS 

3. Noise Buildup in the Absence of an 
Input Signal----------------------------------- dS 

ee oOrse bul ldupmmnacer wR. Bs o1ena | 

(Saturated Condition)-------------------------- 18 
D. PARAMETERS DEPENDENCE ON FREQUENCY----------------- 21 
Ee) » REQUIREMENTS UPON COMPONENTS----------------+------- 26 
1. Amplifier------------------------+ +--+ rrr ree- 26 
2. Delay Line----------------------r rrr rrr errr 26 
Ge GiWc 2 6 hoe a a en wa ee Ze, 


Ili. SOLID STATE AMPLIFIERS AS REPLACEMENT TO TWT IN FML---- 28 


ee eee ey pee nO pomrOns FREQUENCY STORAGE-------=----+-- 34 
A. THE SUGGESTED W-J SYSTEM--------------------------- 35 

Peer tow CROWaN bE PULSE STORAGE), A PRODUCT 
Ome ee ere ogee) 8 = SSeS 228 ay) 
I isiecoleowonmomcy;ation of MiPS----------------- 7 
ee oO pe tetdeomO tei G = = = = = 2 ee ee 4] 








Te) (OWS oe ee eee a ee Ad 


APPENDIX A: ''Memory Loop" Performance Measurement 

cSt ne ee 45 
Per ENvIxX B:)) Comparison of Delay Lines Specifications 

KU Band 200 ns Delay--------------------------- 46 
Si See et 47 
eee ieee colar Wiest) TPO) ieee yell ee a ee 48 





1?) (PRODUCTION 


A. GENERAL 

The microwave memory loop has been known for a long time 
in electronic warfare and other related areas. The purpose 
meting Gevice iS to Store an intercepted signal's frequency 
and to reproduce it on demand. 

MicwcOnecer tT eOrean Fly 15 Simple; a signal is intercepted 
mieecarculated in a loop. The loop consists of an amplifier, 
aedéelay line and a filter. 

Time wene  soOlUndntOnpe very, SUultable amplifiers. However, 
with evolving technology an investigation was made into the 
possibility of incorporating solid state amplifiers in the 
memory loop. These attempts were greatly successful at fre- 
weeres Wp to 4 Ghz. However, technology has not yet been 
mere tO produce adequate solid state amplifiers at higher 
isecauencies. 

Pmemstry temas, tO divert from this method of frequency 
mearage, Basically, the digital era and the abundance of 
possibilities led to the study and development of systems 
Miewiieh the wave form, rather than the frequency, is retained 
Maredtoictal £orm. Three main constraints are still encoun- 
ete d * 

imealinemresponse of VCO 15 yet too slow for swift repro- 
Hier roneot ticesional. 


Pea wieetwewOrecampling is not high cnough, introducing 





a slight distortion of the output signal. 
53. The instantaneous bandwidth of present systems is not 


Toon, IMprescsiVempanout 200 miz). 


eee WOAT ARE MICROWAVE STORAGE DEVICES GOOD FOR? 

As far as the analog FML devices, they are the heart of 
Mme wilerowave repeater where intrapulse modulations are of no 
Seecrn, and a pulse Containing the carrier frequency is to 
Mes veproduced at a desired time. 

‘Miverine WontnoOletPG) deceiving system makes use of an FML. 
ime logic of operation is as follows: The pulse is intercepted, 
stored and retransmitted with an increasing delay to create a 
Beer tarcet Velocity im the enemy's system. The deception 
of the direction deneiiomOonr theme wOlw aneke Chacklie. 1f 
me deceiving system 1S to be operated against a conical scan 
Pagar, the reproduced stored signal will be amplitude modulated 
mmene CON1Ccal Scan rate with an enhancement of a particular 
Side in order to turn away the locked antenna. 

itiemorcoeccimecouldrals@ bewusca to plant false targets inva 
temeieradar, and as a beacon repeater for navigation purposes. 

The only digital microwave storage device looked at could 
femevetything done by his Older brother and more. Since the 
device stores the wave form rather than the carrier frequency, 
ierapuilse Nod teronmcouldsalso be deceived. Furthermore, 
Crintaweadevices could be used as a communication repeater, 
POmkelator and more. 

The understanding of where microwave storage devices 
might be used has no bearing on the understanding of how the 


Gevico works. 








C. REMARKS 
The following assumptions were made in this paper: 
= the Signiecetcmte the memory while all preamplifi- 
cation problems are solved as weil as dynamic range and sen- 
Seetavity. 
iiitmaniliitere LoVe Oonreene rennoduced stored signal 
for transmission was not considered as part of the memory 


system and hence was not dealt with. 





ieee ioe tno tie PT REQUENCY 
MEMORY LOOP" (FML) 


pee OPERATION 

Frequency Memory Loops fall into the category of memory 
Mmeecivers. The initormation to be retained from the signal is 
Mmiemearrjer frequency. 

iiomprOnleneahese whem ltedealt with short pulses, .1 to 
Mmmicec, Lt is inconceivable to sample such high frequency 
miesuch a short time. In such cases, it was decided to stretch 
mempulse. ~ By stretching the pulse, a narrow spectrum is 
foeined and a better knowledge of the carrier frequency is 
achieved. J 

miomstretehing Operation can be accomplished by the so- 
called memory loop consisting of a microwave delay line, an 
aettier, ana Couplers to couple in the intercepted signal 
omgmeco COolUple out the stored frequency for further use. 

The very simplified explanation of the loop is as follows 
Wate 1). the input RF pulse is coupled to the loop, delayed, 
Mimliited, filtered, delayed, amplified, filtered, and so on, 
Mimculating im the loop forever if the components were ideal. 
Part of the energy is coupled to the load, providing it to 
feme user. 

To obtained memory performance and regeneration at any 
frequency in the band, the small signal gain of the amplifier 
iicteemimecxcesseot ali losses summed up in the loop across 
the band. Under power limiting conditions of the amplifier, 


10 





a gain of unity for the loop should be obtained. The success- 
Pole operation Of such a loop is critically dependent upon the 
Mmeper Choice of the components as well as the input signal 


evel. 


Intercepfed pulse 
a T— Directional 


_ pew te ne 
ee | Sew 
a 


Directional 
Coupler 


Delay 
Line 


Pt ead te ier: 


RF Amplifter 


POUL wie ott hincek: Memory Loop 


peeeeOY NAMIC OUTLOOK OF THE FML 

fortron the publications concerning FMLS were concerned 
Poaeieecine dynamics of the loop. This fact is largely attributed 
femene commonly used IWT amplifier in the loop. 

The input/output characteristic of the TWT as shown in 
Fig. 2 demonstrates an increase in gain compression as the 
input power gets larger. This is not true for solid state 
amplifiers, hence in recent publications the dynamics 1s over- 


Peoked . 


UI 





For the sake of completeness, the following example is 
Meeesented; it might have the quality to more visualize the 
meration of the loop. In Fig. 2, suppose a -35 dbm input 
mega enters the loop amplifier. At the amplifier's output 
meere WOuld be -3 dbm (pt 1) turning around the loop once, 

Mies signal would be attenuated and would attain -26 dbm (pt 2). 


Power 
oufput 
dbm 


TIWT Po vs Pin 





j———| Stable operating point. 






| Loop insertion loss s 3dpb 


TO cne nn) Scion 
Power input dbm 


Pin 


RlCURE 2s SUyinanmics of PML 
Cig eOtewith» tiessame logic, the stable operating point 


Mmepseeained atter a certain number of turns. The choice of 
fme location of the stable operating point on the amplifier's 
@urve is of concern when TWT amplifiers are used. What is 
poucht 15 a rather flat overdrive region (for TWT criteria, 


me) references [1] §& [2]). 








In order to understand better why it is important to 
choose a proper operating point, Fig. 3 shows what would 


happen if the operating point was badly chosen. 


power f 
output 
dbm 


Operating point 


—_- — _— 





Power input dbm 
PCat bodin Cosel Operating Point 
it the same input/output characteristic as in Fig. Z was 
chosen, but with a different loop insertion loss, which in 
turn introduces a new operating point. Following the same 
logic previously explained, one could notice that no matter 


how many times the signal will turn around, stability will 


not be achieved. 


TS 





fe) NOISE CONSIDERATIONS 
i bein iiaows 
DeouO@ne MECC rfCebe ot morse On the loop 1s discussed, 
ieeshould be defined what 1s meant in this paper by some 
mans and not yet agreed upon in different papers. Fig. 4 
shows what 1s meant by gain compression, noise depression 


mag noise Suppression. 





Ouf put 
power i, aa 
0 ce 
dbm In compression 
VA 
Noise 
level Ye Ia ee Noise depression 
; 
Input power 
ithe Note muepness tom Gain Compression 


dbm Representation 


(Oem Onmmesd 1G ttc ditterence 1m db between the 
imaginary extended linear gain and the actual saturated gain. 

Noise Depression - The attenuation of the noise level 
Meen the amplifier is overdriven. 


Nem emoupomesstone (db) = Noise Depression (db) - Gain 


Compression (db). 
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oe Olsculane Oven 

Aithough not mentioned yet, it must be understood 
that the small signal gain of the loop amplifier must be 
meomen than the total losses of the components in the loop. 
mine difference between the amplifier's gain and the absolute 
Mmeamne Of the loop insertion loss is referred to as “excess 
main." 

Moloch heScCiiimd EmmnCcEInplitG OL Ene amplitirer in 
addition to the signal desired to be stored. This noise can 
build up and finally take over. This phenomena is inhibited 
meemenic chrteet Tererrea to as "noise Suppression” or ''captura- 
Mmeonectice: which 1S manifested in all active devices. In 
Beetec wm ltmisc the mere fact that noise 1s depressed when the 
device is driven into limiting conditions by a narrow band 
mesure t!on signal. In the loop, the presence of a strong 
Senal-to-noise ratio (S/\) of 10 db will suffice for signal 
Tmanp depending On other requirements being fulfilled. 

PircmuUnGenhe FandingwOnmmuhne “Capturation effect’ 1s 
aremtcidl for the understanding of the loop operation. 
Reference [4] provides a summary to studies made by John L. 
fez, "WR. Beden, J. P. Kellett and Par. V. Biggi. 

Mimetcmno MOWING tOnSibSections it 1S intended to 
clarify the noise buildup-signal absent, and noise buildup- 
Signal present in the spirit of reference [4]. 

SeNOIsc bUNIdlUps ime the Absence of an Input Signal 


WMiemNCecIetOrStua) 1s that of Fig. 1. 


IS 





ei: 

ae tOtmelossoime ene Loop 
Boe ee ber eband width 
G = amplifiers small signal gain 
Cae OOlces edie ienealiplarted 1S Saturated 
B = amplifiers band width 
F = amplifiers noise figure 

Only Gaussian thermal input noise shall be considered. 


N = kTB 


; * 
in(1) 
ite Noise output from the amplifier 


N = GkTBF 


out (1) 


meter one circulation around the loop, the second time input 


to the amplifier becomes 


; FGKTB, 
ee) = kKTB + ai ae 
| FG B 
= KTB[L + 43> 4FI 
N = kTBEG + kTB, Fo 
out(2) — Oe), 


Peemeitrad time anput to the amplifier will be 


- Pan Ga Sy G? 
= kKTB + KTB, 2 + KIBy F ¥> 


Nin(3) L L2 


If we keep going around the loop we will find that 


2 n-2 
-{kTB 1 + 30 SF fps Be + +Q 7 


N B L 


asia Te) 


BMCmince eiinidneates thie entry time to the amplifier, 
met Ste weomsceecond., etc. for the same signal. 
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Summing up this geometrical series 


BACEMECGAD) Ls oI 


Tit Ff scun oT . 


Poueche punpOse OL Memony loop, it is common to say 


maat 10 viSdb of excess gain is needed for a successful 


ecOrage operation, that is to say, >> iE 4 


The last equation can be rewritten 


N = kTB[1 + 22 oe go) 


in) B 


kTB{1 + BaF (gyi)? 7y 


HOWwmene ty prcal CONdItiONS, 2 = 10 and F = 10, one 
man @bserve a very rapid noise buildup. 

By its Dien mene OOP min. resondte for some Lre- 
Siemcies. It was found that for a loop with total delay time 


mam—mecicne are preterred frequencies f with separation 


pn 


iiiese tvequencies are enhanced with each circulation. In 
mimyet WOrdsS, there 1S poSitive regeneration for frequencies 
for Meee nenecleCtnmealmoati Length of the loop 1S an integer 
miitiple Of their wave length. Those add up in phase. This 
mneOry Was Verified by experiment [4] (see Appendix A for 
Experiment setup). 


The spectrum due to noise buildup is shown in figure 
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Eat tr Ad 9 eee f 


PLGUREROeoveGe: limon NOtse sbualdup, 
NOmotnonceo Lemal Present 


-_ 


The experiment [4] has clearly shown an exponential 
Pemicdup of noise. It would be of interest to know that it 
meok tifteen turns around to saturate the TWT with noise. 

aeeeO1se buildup under RP signal (Saturated Conditions) 

Vici mamcenone hiramsilonal 1S present, Capturation 
effect takes place. Noise gain is considerably reduced. 
Mme noise gain will be G,<G. 

VomVPMMnecOntmtO tic CQUallon, expressing ea) 
Baaer limiting conditions by merely exchanging G by G- 
mors APProOxXimation iS justified if one assumes that the 
amplifier saturated after a small number of turns compared 
fen a very large number of turns the signal is stored. 


: n-l 
Bo GnF (Gn/L) - 1, 
B 


. ie Gay le i 1 





in(n) 7 KTBLL+ 
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For n very large, say, approaching wo, two cases are 
Seeancerest. 


G : 
Si > Wemedns we Still have excess gain Of noise. 


itessame noise buildup will occur as if the saturating signal 


G 
md not exist. And —— << 1 for n very large. N. Gould 
L Dnt i) 


be approximated to 





Bee ee 
pate Peas 
Set A kPBL1+ B L 1- ca 
L 
Ba Ge G 
~ kKTB[1 + at ee Cl 


Moe MuMoer Of LCULNS appmoaches infinity, it could 
be noted from the last equation that the noise will approach 
a fixed value. hiss Valuew wel eivesiy determine the Sensi- 
immerty Of the FML, since it will be required to have initially 
mecional level higher than this value. 

it see lear that for the correct operation of the 
HOOD , on ieeum~eotniey WOLGS.) there mUSt be “lOlse Suppression. 
Por a large dynamic storage range and good sensitivity, an 
mpeliiier with a low noise figure and a large saturated output 
mom required. 

Aimee iment im this condition 1s presented in [4]. 
The experiment setup is shown in Appendix A. The delay of 
the oop used in the experiment was .22 ysec which implies 


Afy = 4.5 Mhz. The input signal was chosen to be greater 


jaan -55 dbm. 


i 








Tie Sresutltesmowed On the oscilloscope, the RF 
meeeeewed Stored Signal. On the spectrum analyzer, the 


Mmeercular frequency dominated the spectrum, figure 6. 


Osciloscope { A 
p TWT Specfrum Analyzer 


Gating 





Detected 
stored R.F 


PiGIREwos, Detected otored RF and Spectrum 
Ofc mOmedmodcina) . 


ivemiuicercasprercunecdmsotenal was at least 10 dbp 
feeenier than adjacent frequencies. Obviously one cannot be 
meerst ied with that. It was then expected that if an arbi- 
leary frequency would have to be stored, a shift to the 
SesesSt particular frequency will occur. 

In the same conditions, the experiment was further 
pursued and a driving signal half way between two preferred 
frequencies was injected. The result obtained was a rippled 
detected stored RF and an enhancement of the two adjacent 


Mile banr trequencies. Figure 7 shows these results. 
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OSCILOSCOPE SPECTRUM ANALYZER 


TWT 
GATING 


Afc 


DETECTED 
RF 


PmIGURE 7. Detected Stored RF and Spectrum 
Gfeeices COred Sienal 


ic epost hon OmnmeNeuhesonante frequencies Can be 
controlled by means oe helix voltage change in a TWT ampli- 
ier or by inclusion of a controlled phase shitter when other 
Bimlatilers aré in use. By this means, the intercepted signal 


memade to be resonant to the loop. 


ieee PARAMETERS DEPENDENCE ON FREQUENCY 

In the last sections, the analysis did not take into 
consideration the variation in the components parameters 
eeross the band. 

Considering each parameter at a time: 


Amplifier's gain -- frequency dependent 


Zn 


; 
: 





ee ee 


Norse fieure == frequency dependent 
Noise gain under saturation -- frequency dependent. 

The Toss in the loop is frequiency dependent no matter what 
mac delay line is made of. This is mentioned since the delay 
mime is the chief contributor to losses in the loop. 

One could analyze the contribution of every parameter 
variation separately and probably come up with impressive 
emguations. 

PreomecdtUi1eronmtidit treletcs dalle those parameters derived 
berore and repeated here tor convenience: 


i 
ome nimG eee I 
Nin(n) a eee eT "Gnh/L - 1 


Mme Critical value for success is Sn, If to waseaccepted ear 
sn wereome the average across the frequency band, it does not 
Mean that for a very narrow frequency band it is not true. 


Ef that happens and oe eee, 


the frequency band con- 
mamed jm {f, - £,) will allow the noise to take over when n 
Topi. CSCt large. 

limes pnackicabwapprodem 15 the lab bench. It was learned 
by PiewauchOr thdt prior £fO any mathematical analysis on the 
meastbility to incorporate solid state amplifiers in an FML, 
the engineers in charge in Watkins-Johnson performed Noise- 
Bmppression tests; the results of those tests will be dis- 
erisscd later. 

Similar tests to those mentioned above have been conducted 


moeleledyme. and described in reference [3]; 1t is worthwhile 


tomdisciss sthe Mature or the tests and to study them. 


a2 








iemucst tO be scxplained has been performed on a loop 
ives DUE there is nothing to prevent the extension to any 
memer desired amplifier. 

Low-power broad band noise drove the loop TWT in the 
small signal mode, and resulting output noise power was 
measured as a function of frequency through a sweeping Y/G 
fmercr. ithe values were recorded. 

lime second phase of the test was to drive the amplifier 
Beyond saturation. 

While having ability to know what the Gain Compression 
moe, the output noise power was again measured. This test 
iWaeeto be repeated for various frequencies across the band 
mime ior different Gain Compressions. Figure 8 shows the 


block diagram for the test. 







Broad Band 













: YIG 
Boe © filter 
Generator 


moure 8. Block Diagram for Noise Suppression Test 
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Peoample result of this experiment is shown in figure 9. 


Relative o| 


output 
Noise powers 


Noise power no RF Signal 


lO db Noise depression 


~{O} 


15 «<———— Noise power RF Signal present 
-20 


io) 1g ys 


FIGURE 9. Noise Depression Diagram under 7 db 
Gaim COMpres=s toma t al sreGiaz 


— 


Meme Observation of figure 9 will reveal that Noise Sup- 
PeeestOn 1S increasing across the band. It should not be 
memeorten that figure 9 represents no dynamic operation and 
miemadin Compression is a constant value. As for the loop, 
maemeompressiOn 1S increased until stability at the frequency 
memaecnieved. The stability will occur when the loop attains 
Unity gain. With behavior demonstrated in figure 9, unless 
momeeommter this effect by amplifier design, the frequency to 
Mem left of the signal having a smaller noise Suppression, 
will build up even though the desired signal has attained 
meter ity. The duration of the memory will extend until 
the noise surpasses the signal. What we would actually want 
mms eceris @ CONSEant nouse suppression. Recalling: 


Noase Suppression db = Noise Depression db - Gain Compression. 
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Pucci Ne iOdse GCepression increases with frequency, 
Sempensation iS achieved by increasing gain compression, 
Pen in turn is achieved by the design of the amplifier to 
Mave an increasing gain with increasing frequency. 

it was previously stated that on HomoOt GOnecct | mle 
Mmm~eet COntributor to L (loss) is the delay line. Evidently, 
to restrain the value of on to certain limits after Gp has 
been Compensated for, L has to be stabilized. Figure 10. (35) 


mea demonstrative example of delay line loss versus frequency 


fteoustic delay line K,, band). 


ay line 92 -N /\ Before Equalization 


D4 





56 


58 


60 
After Equalization 


62 


64 as , : : 
14 15 16 (7 18 19 f 


Eee coustie Yelay lime Kk, Band vs. Frequency, 
DewOmewainGe. ter hdwalization 


2a 





Equilizers, which consist of a series of cavities, are 


Meea tO flatten the loss across the band. 


Pee RCOULREMENTS UPON COMPONENTS 
hey chs pOunt 1f would be proper to present a summary of 
EoeerML Components, emphasizing parameters that optimize FML 
Dem tormance. : 
Pe anplirier 
a. Band Width 
iitbcmpardneter 15701 wcOmcern tO the user. The 
application in which the FML is to be used will determine 
the band width requirement. Nevertheless, a narrower band 
fein will reduce noise problems. 
ee acl rl 
The beicr  tncmockber. 810 db sot Excess Cail 15 
the minimum gain necessary for storage success. The ampli- 
fmmer Should have a flexible gain structure in a manner such 
that the gain can be tailored across the band to compensate 
for the components that are frequency sensitive. 
c. Noise Suppression 
Phembmehers tine, better. The magic number in 
maustry 1s 3db flat across the band. 
d. Noise Figure 
The lower the better to reduce noise buildup, 
and to have good sensitivity. 
Zo Delays Line 
a. Attenuation 


As low as possible, flat across the band. 
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b. Temperature Sensitivity 
We would like to see the delay line indifferent 
meomcemperdture, at beast mot very Sensitive. See Appendix B 
for comparison of different delay lines. 
Cao Ze and Werehe 
This parameter is dependent upon application of 
the FML since a tremendous difference exists between the dif- 
mremt types Of delay llines, for comparison, see Appendix B. 
eee guid ka cer 
This component 1S essential since no matter how hard 
temtry, the Other Components have fine structure variations 
Wmene Cain in the closéd loop. After equalization, a 1 db 
Moeraeron 1s tolerable. the equalizer has to be tunable to 


allow tuning whenever characteristics drifts occur. 





rie SOL Deora TE AMPLIFIERS AS 
REPLACEMENT TO TWT IN FML 


ite sitrequency band of interest tor FML has continued to 
wemememeo Ghz. For this frequency range the amplifier that best 
Pier led the qualification mentioned in II.E.1. was the TWT. 
pemear G-18 Ghz, 1t 1s still the best and most adequate. 

merwrewing the components composing the FML, the question 
fmcemcOould be raised 1S, which component could be replaced by 
a more technologically advanced counterpart? 

Advantages could be found in the use of acoustic delay 
ieemecmio). Size 1S greatly reduced and this type of delay 
enc perres ts Ieeenan ka plemsemnperatune —Stanl lity geompared 
teeeeeceher types of delay lines. Losses are comparable to 
€O0axial delay lines, but still twice as much as wave guide 
gemeeeetines (Appendix B). Teledyne Corporation has manufac- 
tured an FML utilizing an acoustic delay line. The perfor- 
mance was judged to be good. As for the future, acoustic 
Meriees are at a Critical development point and their pro- 
ieeeemati0n is dependent on the success of RCA and Zenith 
Seuemiments which have in view to use other features possessed 
by those elements usable in mass production TV receivers. 

iieceonty FME component that could be thought of to be 
mommerted £0 Solid state is the amplifier. Low frequency 
amplifiers have been very successfully used for some time. 
MiemmrerOwave solid state amplifier is a rather recent devel- 


ict One could find solid state amplifiers ranging up to 
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ieecic and much more. However, the higher the frequency, the 
higher the noise figure. The power rating goes down when 
frequency increases. 

The need for increasing gain with increasing frequency 
has been stated; however, this does not yet happen with solid 
eae amoplitiers, For frequencies above 4Ghz, it was difficult 
femtind adequate amplifiers for purposes of study. Below 4 Ghz, 
meaustry offers a great amount of good amplifiers that deserved 
close study. Basically, everything that had more than 35 db 
gain and had a noise figure less than 7 db and was rated for 
Manoue 10 dem, Should have gone through a noise suppression test. 

Ticmiidti@dt intention was to borrow a number of amplifiers 
and to ear Eiemreas Dd lide) Ome Incorporating them into an EML. 
Mmmorder to do this, a noise suppression test would have been 
fomeatory. Unfortunately, lack of test equipment lead to the 
abandonment of this idea. 

Contact was made with Watkins-Johnson (W-J) and it was 
found that the company has already manufactured an FML with 
pmoolid State amplifier. it was learned from the engineers 
me - J What approach was taken to retrofit an existing FML 
with a solid state amplifier. 

The legitimate question to ask is "Why should one want to 
make a ehaneec hOmanlvexistime System working Satisfactorily?’. 

There are several reasons: (a) Lifetime of TWT is much 
shorter than the lifetime of the solid state amplifier. (b) 
Petmdestalc amplifiers are much more reliable. (c)}) Power 
Supply is much simpler for solid state amplifiers compared 
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Pmecieiwio (@) “As a resullt of the noise suppression test, 
it was revealed that storage duration was longer for solid 
eeoce amplifier FML, 

iiier ticstssGonaucted in N-Jswere identical to those pre- 
Bemued in section [].C.) Since a copy of some of the results 
was obtained, it would be of interest to follow the tests and 
amalyze the results. 

mre test setup is shown in figure 11. The amplifier was 
Given into Saturation to have 7 db gain compression. The 
MomarOt interest was 2-4 Ghz. In figure 12(a), the saturating 
pmamal was at 2 Ghz. Except for one spur at about 2.3 Ghz, 
immenn pe Observed that the no1ise-depression is very close to 
Memeo across the band. This spur has to be taken care of, or 
there will always be noise buildup at this frequency. In 
i[menee 12(b) the saturating signal was at 3.2 Ghz, again with 
feao compression. It could be observed that this is not as 
good as it was observed in figure 12(a) and that work on the 
mipleetier had to be done to eliminate, the spurs. It could be 
noticed that close to the saturating signal there is a total 
Chaos. In figure 12(c) the saturating signal was close to 
Pegs, OSOtill, the noise Sstippression is not constant. Up to 
meemonz if was much greater than could be tolerated. 

icon Upper line won wthe graphs represents noise power RF 
feonal absent. The two other scaling lines were obtained by 


mrsertion of 7 db and 10 db attenuators. 
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One may conclude conclusively from these test that, after 
Bemus tanc, thismanplitieresgould be well utilized in an FML. 
nMomanarcated before, W-J has put on the market a 2-4 Ghz solid 
seacte FML. 

Mais. ccmMc Caminita taine Nugher frequency solid State 
amplifiers will show they would replace TWTs in FML. 


From this point on, other methods of frequency storage 


meme SOUGHT. 





Dea eR A eee nO S RGR FREQUENCY STORAGE 





It as a difficult task to reveal hidden information about 
feerems Which are presentiy on the design board in industry; 
mimmceasons for this are obvious. Even when the new product 
ieeready and offered tor sale, the producer 1s not inclined 
to explain how it works. 

From the beginning of this work an alternate method has 
Meem sought. So much has been done in the "digital" world 
Prot it was inconceivable that no one had made the attempt to 
go digital. 

Two major limitations were known to begin with: (a) Volt- 
maemeaonmtrolled oscillators and frequency synthesizers are rel- 
mmevely Slow responding. (b) Actual sampling rates are not 
Somoatible with microwave frequencies. 

In the process of Search, two new concepts were discovered. 
Watkins-John's engineers are working on a system that is sup- 
memed tO be ready in about a year. Not much has been said 
about this system. Taskar has come out with a new promising 


eameent that will be discussed in detail further on. 
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fei SUGGESTED W-J SYSTEM 





Input > (F lug Video | 
pt RF CS Amp processor; |L__.. 
rT Lo Signal | 
vee Processing 


To user ¥CO Shaping 
. criver |- Circuit 





PlGuURE 15. Wee Biciory otorage System 


Wms System utilizes two VCO's. As a matter of fact, the 
one used Ae MeECeiwinomeOslL1On acts as an LO. From, the 
point of view of memory, this representation as recommended 
mm} 1S too Simplistic. There is no indication as to how 
the storage is obtainéd by the video processor, an operation 
Giadtiels not at all trivial. From the look at the system, one 
could further say that the response requirements are not of 
great concern (since the components in use are slow responding 
mmpresent). 

In private discussions, it was learned that this system 
1s not intended to replace the FML. The above system is in- 
melacd LO promote voltage controlled oscillators. 

iiemsystemethae eventudlinaiwill replace the FML in W-J is 
Still on the designing board and very little could be said 


about it; nevertheless, here follows its philosophy of operation. 


oo 





miemincoming signal 1s beat down to some IF frequency. The 
Peeas sampled and held, then probably stored digitaly. When 
Mm@iemsienal 1S requested, the driver converts the stored fre- 
Gitemey to the adequate RF frequency. Figure 14 outlines in 


general the above concept. 


INPUT J | . | | ees USER 


—BIDESCRIMINATOR BESAMPLE pm DRIVER em VCO }-—P> 
& HOLD 


SIGNAL 


PRECESSING 





Phu le lemon system --General Concept 


Again, it was not known what problems needed to be overcome. 
mimesgquestzons that could come up from this presentation: 
a. What had been exactly meant by discrimination? 
b. In what dimensions would the sampling operate-- 
mimes and amplitude or time only--and for how long a pulse was 
mieesystem intended to work? 
meiCwetacwmseticeudriver (problem mentioned by W-J)? 
dO wa ds tase Cire CO? 
e. What is the instantaneous band-width? 


(P—nvidtemromthestraelity of the reproduced signal? 
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In some applications, the user might be interested in the 
instantaneous reproduction. For traditional TWT systems, one 
should take into account 8 nsec for each in line tube. In 
Pmewabove represented digital system it is suspected that a 


items much larger time is required. 


feeeetiazes (MICROWAVE PULSE STORAGE), A PRODUCT OF TASKER SYSTEMS 

The most attractive microwave storage system right now on 
Mmaememarket 1s available for order from Tasker Systems, a divi- 
sion of Whittaker. 

pumee LAIS syStem, SUrnamed MiPS, standing for "Microwave 
Meena corage, seems to indicate the future trend of frequency 
Peemadee devices, it might be worthwhile to explain in a more 
eeiea Led form the Deine lplcmorsOpenakion of Che System and 1€ts 
puepertiles. 

ioe bninciple of Operation of MiPs 

fice teow tsSeGOMpOSedso: tive Main components which are: 
eeeeecown converter, (b) digital memory, (c) voltage controlled 
Seema tor, (d) up converter, (e) 1/0 control. 
The received RF signal is down converted to a frequency 

Maonom an IF band. The mixing frequency for conversion is pro- 
wreed by the VCO which for the moment is being operated at a 
mieead trequency, hence, acting more like an L.O. The inter- 
Mmeiote: frequency is sampled in the memory unit and for each 
positive amplitude reading a one is stored; for each negative 
moemding, 8a zero 1s stored. The stored information in the form 
mer Osemancwones can be kept forever. When reproduction is 


desired, the stored pulse is up converted where again the 
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maine Irequency is provided by the same L.O. Figure 15 
meeeenes this Operation. The PRF is arbitrarily controlled 


by the input/output control where CW can be obtained by 


Mettang PRI = Q. 


A B , c ap 
Down Digital Up 
converter memory converter 


















External read tn = 
External read out Ee DS 


Modulation 


[/o control 


UCR iaeeome block Diasram of MiPS 


Figure 16 shows the signal appearance in the time 
Wemein. tthe Chief concern is to obtain the wave-form at D as 
Mosc ascmpOsSlDle sto the imput at A. It is more instructive 


to see the similarity or difference between the wave-forms at 
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Peer, ObServing the spectrum at these points. Figure 17, 


ierenm from lasker's brochure, shows the indicated spectrums. 
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FIGURE 16. Wave Shape in the MiPS Observed at the 
OMe put ot 
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ieewas revealed by the manufacturer that the up con- 
verter is a "kind" of a phase modulator. A decision has to 
be made as to which pulse should be stored. That decision 
meeuld come trom the down converter if every pulse that gets 
timeouch has to be stored, otherwise the decision could come 
ioeenean external control. When the decision is made and a 
iemal gets to the 1/0 control, the memory clock strobes the 
Mole nal ato memory. AS long as DC power is supplied, the 
Memory retains the stored signal, 

One should be aware that both short and long term 
Seapivity Of the reférence 1S of critical importance. The 
Manutacturer assured the author that clock and L.O. are 
Siprreientiy stable in ordér to insure accurate sampling and 
weeinate Kneproduction. However, this specific problem de- 
memes a Close look for a user with specified requirements. 

eee croperties Of MIPS 

a. Band Width 

Conpanedstorthes 14, MEPS's instantaneous band 


width is very narrow. While FML has an octave band width or 


moee. MaiPS has at most 300 Mhz. There is a direct link between 


the length of the pulse desired to be stored and the band width. 


When the narrow band is accepted, longer pulses could be stored. 


This ties in the memory size, and one could increase band width 


and pulse length if the memory is increased. When the whole 


matter is pinned down, what is really required is a much higher 


Sampling rate. Figure 18 shows signal length capacity versus 


band width where the sampling rate is a fixed value. 
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MEMORY= !ON BITS 
TIPICAL MEMORY =N BITS 


MAX. 
SIGNAL n 
LENGTH ae 
CAPACITY 
(ONS 
We ee a ee a ele, S 


INS 


tOONS 


gt jf 
DC 10 50100 300 1000 Hz 
REQUIRED B.W. (2 f_- f]) 


CNG eee Tsaenal ength Capacity vs. B.W. 


Powedchkty eet OULDUL sional 
icin pulattwonm ON tice anput Signal from the front 
Emameoa the Output (mixing, sampling, up converting, etc.) create 
Sracelobes that might be considered as noise. It was revealed 
that for a single tone RF input, the reproduced RF is as indi- 
Meet not pure, and its first side lobe is 10 db below the 
Wanted RF. 
Sense sCOMSecrVallon 
ii mvcyerhemsysctemestOresuthe signal added to the 
meee that the L.O. is stable and 1s running constantly, the 
meproduced signal would be coherent with respect to the trans- 
Meeting systems. Whether this is desired or not, it 1s a matter 
Pomuser specitications; in most cases it 1s an advantage. The 
most appealing use due to this property is for correlation 


purposes. 
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d. Modulation Conservation 
Frequency and phase modulations will be conserved 
within the pulse length memory storage. 
e. Modulation to Reproduced Signal 
The control on the L-O. enables the user to ex- 
ponentially modulate the reproduced signal to simulate doppler 
itu Oonr aeny other effect. 
fie NO pe bal item 
NomiidreacrcamecerOne bys COlenelmmmne the 11 teama«, | 
Between pulses on reproduction C.W. is obtained by letting the 
interval be zero. However, this will not be a smooth sine wave 
memeee the leading phase of the stored pulse is not locked with 
Baemeraijaing phase of the stored pulse. “When C.W. is generated, 
the same pulse is repeated back to back and a phase jump will 


Meetmmevyery time one pulse is ended and a new one just starts. 


Paice EOuve NOvCemphat there 15 @ possibility to sweep the 
fer. , hence to increase the overall band width; again, this 
moa USer option. 

mreme Od! Ot this SeCtion Was to present the technical 
Pen ccts of the system. More detailed data may be obtained 


fjeoem Lasker's technical notes. 
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Veo Ne U San 


iieeoreakthrough in microwave frequency storage is here. 
While the first generation models are at hand, other companies 
are probably pondering some futuristic system which will soon 
pemavaillable. 

mie trend 15 to go completely digital. The flexibility 
Sapaimed by digital storage 1S immense. Technological obstacles 
such as band width, sampling rate and response time will prob- 
moe De OVeErcome soon. 

im the meantime, traditional FML with modernized components 
WieeiecOntinue to be widely used. Further use of solid state 
Mier rers 1S Obvious, in view of the much improved results 
imeamoed. One could also expect suitable amplifiers for FML 
Mmeeier trequency than 4 Ghz. As for the delay line, the 
Westron 1S not independent oz amplifiers in use. For the TWT 
Hise there 1S no reason why acoustic delay lines would not 
mepaece the bulky wave guide and coaxial delay lines. If 
etevoration SiesOlidectatrewamplyraers and acoustic delay 
lines is sought, achievement would depend upon the development 
Of the amplifiers since as noted before acoustic delay lines 
ame at present very lossy. 

PiominditediLon to eOndicital is especially enhanced in the 
iolitanry, community where multi-purpose computers are to be part 
of the whole system. Needless to say, digital systems are 


Pedcihy adaptable Co computers. 
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APPENDIX B 


COUP RISON OFS DEEAYS LINES "SPECIFICATIONS [3} 
KU Band 200ns Delay 





bec. sete empciacure ~ V 
: a o LENIN 
-54° C. cones O br 2G. in 


Wave Guide 
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Coaxial 31 db eee Beas ae 
.285 Diam) ~u 
REGUS te Te 
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* The loss represents an average loss across the band. 
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